PATENT ABSTRACTS OF JAPAN 

(ll)Publication number : 10-102105 
(43)Date of publication of application : 21.04.1998 

(5l)Int.Cl. B22F 9/08 

B22F 1/00 
B22F 9/04 
C22C 19/03 



(21) Application number : 08-253623 (7l)Applicant : TAIHEIYO KINZOKU KK 

(22) Date of filing: 25.09.1996 (72)Inventor : HIRAI MASAZUMI 

NAKABAYASHI OKIE 
SHIMUEA TATSUHIRO 
TANAKA YOSHINORI 
KATOU KANEYUKI 



(54) MANUFACTURE OF FINE METALLIC POWDER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain fine metallic powder not exceeding a specific 
particle size in an excellent yield through an atomizing method by allowing molten 
metal to including a specified amount of S and Se and decreasing the surface tension of 
the molten metal. 

SOLUTION: When metallic powder is manufactured from molten metal by a water 
atomizing method or gas atomizing method, one or two kinds of 0.03 0.30wt.% S or Se 
are added to the molten metal. The obtained metallic powder is, as necessary, further 
ground, flaked or spheroidized by stamping or milling with ball mill or others. As for the 



applied molten metal, stainless steel comprising one or two and more kinds of, by 
weight, <2.0% C, <5.0% Si, <2.0% Mn, 7.5-30.0% Cr, <40.0% Ni, 0.005-0.10% O, <0.30% 
N, and further as necessary, <5.0% Mo, <5.0% Cu, <3.0% Nb, <2.0% Ti, <0.5% V, the 
balance Fe and inevitable impurities, and in addition a high Ni alloy, sendust alloy and 
other are cited. 
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CLAIMS 



[Claim(s)] 

[Claim l] The manufacture approach of the metal impalpable powder characterized by 
making this molten metal contain one sort of 0.03 - 0.30% of S or Se, or two sorts by 
weight % in the approach of manufacturing metal powder, by atomizing processes, such 
as the water atomizing method and the gas atomizing method, from molten metal. 
[Claim 2] After making this molten metal contain one sort of 0.03 * 0.30% of S or Se, or 
two sorts by weight % in the approach of manufacturing metal powder by atomizing 
processes, such as the water atomizing method and the gas atomizing method, from 
molten metal and manufacturing metal impalpable powder, it ************ s further, 
(stamping) Or mealing (milling) The manufacture approach of the metal impalpable 
powder characterized by crushing and flake -izing, or making it spheroidize. 
[Claim 3] Molten metal is C at weight %. : 2.0% or less, less than [ Si-5.0% ], less than 
[ Mn:2.0% ], Cr:7.5-30.0%, less than [ nickel:40.0% ], O : 0.005 - 0.10%, N : It is the 
manufacture approach of the metal impalpable powder according to claim 1 or 2 which 
contains 0.30% or less and is characterized by the remainder being stainless steel 
molten steel which consists of Fe and an unescapable impurity component. 
[Claim 4] Stainless steel molten steel is less than [ Mo-7.0% ], less than [ Cu-5.0% ], less 
than [ Nb:3.0% ], less than [ Ti:2.0% ], and V at weight %. : The manufacture approach 
of the metal impalpable powder according to claim 3 characterized by containing 0.5% 
or less of one sort, or two sorts or more. 

[Claim 5] Molten metal is less than [ Si-2.0% ], less than [ Mn-2.0% ], more than 
nickel -30.0%, and O at weight %. " It is the manufacture approach of the metal 
impalpable powder according to claim 1 or 2 which contains 0.005 - 0.10% and is 
characterized by the melting quantity nickel alloy with which the remainder consists of 
Fe and an unescapable impurity component. 

[Claim 6] The manufacture approach of metal impalpable powder according to claim 5 



that a melting quantity nickel alloy is further characterized by containing 10% or less of 
one sort of Mo, Cu, and Cr, or two sorts or more by weight %. 

[Claim 7] It is the manufacture approach of the metal impalpable powder according to 
claim 1 or 2 which molten metal contains Si^3.0-15% and aluminum '2.0-15.0% by 
weight %, and is characterized by the remainder being a melting Fe- Si -aluminum alloy 
with which it consists of Fe and an unescapable impurity 

[Claim 8] The manufacture approach of metal impalpable powder according to claim 7 
that a melting Fe-Si-aluminum alloy is further characterized by containing calcium 
0.001 to 0.010% by weight %. 

[Claim 9] It is the manufacture approach of the metal impalpable powder according to 
claim 1 or 2 which molten metal contains aluminum: 1.0%- 10.0% by weight %, and is 
characterized by the melting nickel-aluminum alloy with which the remainder consists 
of nickel and an unescapable impurity component. 

[Claim 10] The manufacture approach of the metal impalpable powder according to 
claim 9 characterized by a melting nickel-aluminum alloy containing calcium 0.001 to 
0.010% by weight % further. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] By atomizing processes, such as the water atomizing method 
and the gas atomizing method, this invention relates to the approach of manufacturing 
metal impalpable powder, from molten metal. 
[0002] 

[Description of the Prior Art] As for the metal powder used for manufacture raw 
materials, such as a prepaid card and a powder metallurgy application product (a final 
product is called hereafter), the several microns thing is demanded recently as the 
quality and precision of this product, the improvement in the engine performance, and a 
cure against the improvement in a manufacture yield, as for mean particle diameter. 
[0003] Conventionally, oxide reduction, the electrolytic decomposition process, the 
carbonyl process, etc. are known by the approach of manufacturing metal impalpable 
powder. Although each of these is suitable for manufacture of single metal powder, since 
the constraint on an alloy presentation is large to manufacture of alloy impalpable 
powder, it is hard to manufacture them, and they has a fault, like moreover a 
manufacturing cost becomes high. 

[0004] ************ on the other hand, atomizing processes (it is hereafter named the 
atomizing method generically), such as the water atomizing method or the gas 
atomizing method, are widely used for manufacture of alloy powder, and also according 
to attritor, a ball mill, etc. according to the need (stamping) Or mealing ( millin g) 
crushing and flake -izing — it is spheroidizing. However, by these approaches, as for 
manufacture of metal impalpable powder 10 micrometers or less, the yield worsened 
[ mean particle diameter ], and the manufacturing cost became [ the time amount which 
flake-ization etc. takes ] long highly, manufacture is very difficult and there were 
problems, like a limitation is in fertilization. 



[0005] 

[Problem(s) to be Solved by the Invention] This invention solves the above troubles and 
aims to let mean particle diameter manufacture metal impalpable powder 10 
micrometers or less with a sufficient yield. 
[0006] 

[Means for Solving the Problem] this invention persons find out that it is stabilized with 
50% or more and a sufficient yield, and the yield of metal impalpable powder with a 
mean particle diameter of 10 micrometers or less can be manufactured by the atomizing 
method, without reducing the property of a final product by carrying out suitable 
amount content of the elements, such as S, Se, O, etc. to which the surface tension of 
molten metal is reduced greatly, as a result of conducting various manufacture 
experiments and repeating examination, in order to solve this problem. Furthermore, in 
order that S which made impalpable powder contain by ************ Q r mealing when it 
spheroidized, crushing and flake-izing, and, and Se and O may form detailed inclusion 
in metal powder and may improve friability, it finds out easily that it is stabilized and 
the formation of a crushing flake or the metal impalpable powder of a configuration and 
particle size distribution which spheroidized and was excellent can be manufactured. 
[0007] That is, it is the manufacture approach of the metal impalpable powder 
characterized by making this molten metal contain one sort of 0.03 - 0.30% of S or Se, or 
two sorts by weight % (for it to be below the same) in the approach of manufacturing by 
atomizing processes, such as the water atomizing method and the gas atomizing method, 
from molten metal, and this metal impalpable powder is further characterized by 
crushing and flake-izing, or making it spheroidize by ************ Q r mealing with a 
ball mill etc. if needed. 

[0008] This molten metal C:2.0% or less, less than [ Si:5.0% ], less than [ Mn:2.0% ], Cr: 
7.5-30.0%, less than [ nickel:40.0% ], 0:0.005 - 0.10%, N:0.30% or less is contained, and 
the need is accepted. Less than [ Mo^5.0% ], Less than [ Cu:5.0% ], less than [ Nb:3.0% ], 
less than [ Tl:2.0% ], and VO.5% or less of one sort or two sorts or more are contained. 
The stainless steel molten steel which the remainder becomes from Fe and an 
unescapable impurity component, and less than [ Si:2.0% ], Less than [ Mn:2.0% ], more 
than nickel:30.0%, and 0:0.005% - 0.10% are contained. 10.0% or less of one sort of Mo, 
Cu, and Cr or two sorts or more are contained if needed. The melting quantity nickel 
alloy with which the remainder consists of Fe and an unescapable impurity component, 
and Si:3.0-15.0%, Contain aluminum :2.0- 15.0% and calcium:0.0010.010% is added if 
needed. The melting Fe -Si- aluminum alloy with which the remainder mainly consists of 
Fe (Sendust), And aluminum: 1.0- 10.0% i s contained, calcium:0.00 1-0.0 10% is added if 



needed, and the remainder is characterized by the melting nickel - aluminum alloy which 

consists of nickel and an unescapable impurity component. 

[0009] 

[Embodiment of the Invention] Hereafter, this invention is explained to a detail. This 
invention is in charge of manufacturing metal impalpable powder, such as stainless 
steel, a high nickel alloy, the Sendust alloy, and a nickel-aluminum alloy, by the 
atomizing method from molten metal. One sort of the elements S and Se which reduce 
the surface tension of this molten metal to molten metal greatly, or two sorts are added 
0.03 to 0.30%. Furthermore, O is made to contain 0.005 to 0.10% in stainless steel and a 
high nickel alloy. Detailed-ization of the powder size at the time of atomization is 
attained, detailed inclusion, such as a sulfide and an oxide, is further formed of added S, 
or Se and O, and the formation of crushing detailed and flake "izing, and balling- up are 
easily attained for this powder by ************ or mealing. Here, S and Se consider as 
0.30% or less in order to reduce corrosion resistance, and in order to demonstrate the 
effectiveness, they may be 0.03% or more. Moreover, it is more desirable not to add, 
when using Se as a charge of food device material. 

[00 10] Moreover, the reason for limitation of the amount of the alloy element which this 
invention alloy contains is explained below. First, about the stainless steel molten steel 
regulated in the 3rd term of a claim, although C is a powerful austenitizing element, 
little direction may be 2.0% or less from a corrosion resistance field. Although Si is an 
element which acts as a deoxLdizer and also is effective in increasing oxidation 
resistance, since toughness and workability will be degraded if many [ too ], it may be 
5.0% or less. 

[00 11] Mn is an austenitizing element and is cheaper than nickel, and if many [ too ], 
the oxygen content in metal powder becomes high that it is easy to oxidize during 
atomization, and although it can be made to contain as a permutation element of nickel, 
since pore generating of the final product (it is hereafter named a product generically) 
manufactured from this metal powder and the problem of a consistency fall occur, it 
may be 2.0% or less. Cr is the basic element of stainless steel and it is necessary to add 
it 7.5 to 30.0% a sake [ on corrosion resistance and an anti -oxidation disposition ]. 
[0012] nickel is effective in being a weight element, forming a stable austenite phase, 
and raising corrosion resistance and toughness for austenitic stainless steel. However, 
since it becomes expensive, it may be 40.0% or less. Although O is an element in which 
the surface tension of molten metal is reduced greatly and more ones are desirable like 
S or Se, since the problem of pore generating of a product or a consistency fall will occur 
if many [ too ], it may be 0.005 - 0.10%. Although N has effectiveness, such as a proof 



stress rise and austenite stabilization, it may be 0.30% or less for pore prevention of a 
product or consistency fall prevention. 

[0013] Tb the stainless steel which vises the above-mentioned presentation as a basic 
chemical entity, one sort of Mo, Cu, Nb, and Ti or two sorts or more can be added if 
needed as an improvement component in a property of these stainless steel, such as 
corrosion resistance, anti-oxidation, and improvement in on the strength. Although it 
has the effectiveness of strengthening a passive state coat and raising corrosion 
resistance, since it is expensive, Mo may be 7.0% or less, while becoming conversely 
harmful, if it adds so much. Although Cu is an austenite stabilization element and 
corrosion resistance is improved, if many [ too ], since it is harmful, it may be 5.0% or 
less. Moreover, Nb, Ti, and V can improve corrosion resistance, reinforcement, etc. by 
carrying out optimum dose addition. Ti makes, and when adding, in consideration of a 
property and cost, V makes Nb 0.5% or less 2.0% or less 3.0% or less. 
[0014] Next, about the reason for limitation of the alloy element, although the melting 
quantity nickel alloy regulated in the 4th term of a claim is used for electronic -parts 
ingredients, such as umber material and a permalloy, etc. and a low -fever expansion 
characteristic and magnetic properties are required, although Si is an indispensable 
element as a deoxidizer, if many [ too ], in order to worsen magnetic properties, it may 
be 2.0% or less. Although Mn is effective as a deoxidation element, if many [ too ], the 
oxygen content in metal powder will become high that it is easy to oxidize during 
atomization, and since pore generating of the final product (it is hereafter named a 
product generically) manufactured from this metal powder and the problem of a 
consistency fall occur, it may be 2.0% or less. 

[0015] Although nickel is an important element which influences a heat expansion 
characteristic and magnetic properties greatly, at less than 30.0%, necessary magnetic 
properties are not acquired as a high permeability magnetism alloy, but it is made into 
30.0% or more. Although O is an element in which the surface tension of molten metal is 
reduced greatly and more ones are good like S or Se, since the problem of pore 
generating of a product or a consistency fall will occur if many [ too ], it may be 0.005 - 
0.10%. 

[0016] To the above-mentioned chemical entity, it can add if needed by using one sort of 
Mo, Cu, and Cr, or two sorts or more as the improvement component in physical 
characteristics, such as magnetic properties. Mo controls generation of nickel and Fe 
superlattice in a nickel-Fe alloy 75.0 to 82.0%, and has the operation which raises 
direct-current permeability. However, if many [ too ], this property is reduced conversely, 
and since it is expensive, it may be 10.0% or less. 



[0017] Cu has the operation which raises the effective permeability, without reducing 
the direct-current permeability of a nickel-Fe alloy 75.0% to 82.0%. However, since this 
property will be conversely reduced if many [ too ], it may be 10.0% or less. Although it 
can add as an element which improves the glass -sealing nature which is a property 
required as electronic-parts material, it may be 10.0% or less in order to spoil a heat 
expansion characteristic, if there is too much Cr. 

[0018] Moreover, the Fe- Si-aluminum alloy (Sendust) of the 5th term of a claim has 
permeability and high flux density, and it has the magnetic properties which were 
excellent as wear-resistant soft magnetic materials. As the reason for alloy-content 
limitation, if it exceeds 15.0%, at less than 3.0%, a problem arises in corrosion 
resistance, and it becomes very weak, and since the outstanding magnetic properties 
become less practical, Si will make them 3.0% - 15.0%, while they will fall remarkably, if 
it exceeds less than 3.0% and 15.0% with a peak of 9.6% of contents. At less than 2.0%, if 
abrasion resistance is not enough and exceeds 15.0%, it becomes very weak, and since 
the outstanding magnetic properties become less practical, aluminum will make them 
2.0% - 15.0%, while falling remarkably, if it exceeds less than 2.0% and 15.0% with a 
peak of 6.0% of contents. 

[0019] Although the remainder is mainly Fe, 6% or less of one sort of Cr, Nb, Mo, and Cu 
or two sorts or more, and less than [ Mnl.0% ] can be added if needed for an 
improvement of corrosion resistance, magnetic properties, workability, and other 
properties. Moreover, when making molten metal flow out of a ladle and manufacturing 
metal impalpable powder by the atomizing method, in order to prevent the lock out by 
the alumina inclusion which an outflow nozzle suspends in molten metal, calcium can 
be added, but at less than 0.001%, when the reason for having made calcium into 0.001 - 
0.010% does not have the effectiveness and it exceeds 0.010%, it is because oxidation 
becomes it is intense, and there is much CaO system inclusion, and harmful. 
[0020] The mckel-aluminum alloy of the 6th term of a claim attracts attention as a fuel 
cell ingredient of next-generation energy. Since nickel is used as a catalyst of a cell 
reaction about the reason for alloy-content limitation, pure nickel is desirable, but since 
the reinforcement in an elevated temperature is also required as an electrode construct, 
it considers as the alloy which made strengthening elements, such as aluminum, 
contain, aluminum is an element which raises high temperature strength, and in order 
to obtain sufficient reinforcement, it is required 1.0% or more. Moreover, if it exceeds 
10.0%, since a catalysis will fall , let 10.0% be an upper limit. 

[0021] Moreover, in order to prevent lock out of a ladle nozzle at the time of 
manufacture of the metal powder by atomization, calcium can be added, but at less than 



0.001%, when the reason for having made calcium into 0.001 - 0.010% does not have the 
effectiveness and it exceeds 0.010%, it is because oxidation becomes it is intense, and 
there is much CaO system inclusion, and harmful. The above-mentioned trouble was 
solved in this way, and it enabled the manufacture yield with a mean particle diameter 
of 10 micrometers or less to stabilize for them and manufacture 50% or more and the 
good outstanding metal impalpable powder. 
[0022] 

[Example] Next, the example of this invention is explained. The bottom component of a 
ladle which used and ingoted a RF atmospheric-air fusion furnace or 30ton AOD 
furnaces is shown in Table 1, and it is 1000kg/cm2 to Table 2. Yield with a mean particle 
diameter of 10 micrometers or less which might be classified by the air separator in the 
metal powder manufactured by the water atomizing method using high-pressure water 
from the molten metal temperature whose degree of superheat from the liquidus-line 
temperature of this metal is 50-150 degrees C is shown. Moreover, Table 3 shows the 
result of having flake -ized further this impalpable powder made by the atomizing 
method in the shape of a piece of phosphorus with attritor ball-milling equipment. Table 
1 " setting - examples 1-11 — the example of this invention — it is — examples 1-3 — in 
claim 3 and examples 4*6, claim 6 and an example 10 show claim 7, and, as for claim 4 
and an example 9, an example 11 shows claim 9, as for claim 5 and an example 8. 
moreover, the examples 1 and 2 of a comparison — examples 1 and 2 - correspondence 
and the example 3 of a comparison — an example 4 — correspondence and the example 4 
of a comparison - an example 5 " correspondence and the examples 5 and 6 of a 
comparison - examples 7 and 8 - in correspondence and the example 7 of a comparison, 
correspondence and the example 8 of a comparison correspond to an example 10, and 
correspondence and the example 9 of a comparison correspond to an example 9 at an 
example 11. 

[0023] By this invention method, compared with the conventional method, the yield of 
the detailed powder not more than mean-particle- diameter phi lOmicrometer was high, 
it became more detailed by short-time processing more, and the flake-like impalpable 
powder of 10-20 was obtained for the aspect ratio (particle size/thickness), KUREKU 
processing also of the flake size after the mealing processing by subsequent attritor with 
high effectiveness was attained, and the good product with a large specific surface area 
was obtained. 
[0024] 
[Table l] 
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[0025] 
[Table 2] 
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[0026] 
[Table 3] 
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[0027] 

[Effect of the Invention] Since the metal impalpable powder manufactured according to 
this invention is stabilized economically and impalpable powder with a mean particle 
diameter of 10 micrometers or less is obtained, the effectiveness done on industry is 
very large. 



[Translation done.] 
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